







































This is to certify that the folloiang thesis, prepared un-
der the direction of Professor A. N. Talbot, Head of the Depart-
ment of Municipal and Sanitary Engineering, by CARROLL CARSON
WILEY, entitled ENTRANCE HEAD AND DISCHARGE HEAD IN PIPES, is
accepted by me as fulfilling this part of the requirement for
the degree of Bachelor of Science in Civil Engineering.
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^c^o<L^-<^C crji~ Tsbt ^<fyC yWAxi/ it^Jl. ^xX-^*!^ (X^d. (dx. dLcAyftddc£
y^yyxjCtZ^ ,svd<-^d ^la-jL-^Q yy^yd£<^tXdk^i^ ^LA^tx^Ls ^tl^ccd.
^at&^Ls ^ ^d-0~?~ (sut OTr ^uiswu ^^-i^dk, <*~^
^a^j( ^aj~cu^ J^^e^s-uzLui. ^CArt^^d cl/ ^x^*dU, ^ix^eLi^?
0.C0 5 jt. ^/ yyPi^cJZi^tJL ^ ^culM-p-i^ tct^Uk^cJrL£c^^
^^<2 t/<JL ^dZc^d -JLuiuoL yf^t Qk&-tAS^ G^+d ^dUs^CJC ^L*d*-
dU^<s^*-4 t^uL d^t^rd-oddlt, ^ddid^Ls*.
^c^c^^ debt 3e£^r- 7 993
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0° o° 0.01,5 3O0 O. 78 0. 131 O. 193 a 67 O. 68 1.16
2 o.o ie> 300 0. 8 0. 134- 0. 1 99 0. 66 0. 675 1.20
3 0.020 150 0.4-7 O. 158 0-222 O. ©1 0. 7/ 0.3&
4 o.zz.5 20O £.32 0.563 0.746 2.97 O. 76 0.645"
5 0.227 1 5"0 1.74- 0.583 O. 75/ 2.97 0. 7<2> 0.64-5
6 •J o.35l 2. 89 0.728 O. 932 3.72 O. 73 0. 605
7 200 3. 17 0.794- 1. 15- 4-. 05 0.1&5 0.625
8 0.742 1 50 3.13 |. 028 1.360 5". 26 0. 77 C?.69
9 0. 750 1 50 3.20 1.073 1.363 5".4-e> 0. 73 0.^05
10 O.035 1 60 0.72 0.225 0.295 ).I5 0.765 0.7/
II 0.035 1 SO 0.8O 0.223 0.295 1.14- 0.755 0. 76
12 0.030 1 80 0. 74- 0.2 07 0.273 1.06 0.76 0.74-
13
<
V 0.070 150 0.96 0.322 0.4-17 l.64> 77" 0.69
14- 0.066 1 20 0.75 0.313 0.4-05 1. 60" 0.775 0. 67
\s 0-08 6 1 60 J.I4- 0.359 0.462 1.83 O. 78 0.645
16 C089 1 60 1.16 0.365 0.470 I. 86 0.78 0.64-5
17 180 1.5-4 0.4 3 0.5*55 2.20 0.775 0.67
18
yC 125 150 1.30 0r43 6 0.5\55 2.2 3 0.7S5 0.625
»9 • 0.03"6 1 80 1.03 0.268 0.372 |,4-7< oji v a 69
20 rsi O. 021 300 1.00 0. 168 0.228 0.86 0,735 0. 66
21 10° 0° 0.O09 300 O. 6 3 OA Ob 0. 148 0. 54- 0.715 O. 955
22 O.OI 3 » 0. 74- 0. 120 0. 157 0.61 0.765 0.71
23 0.015 £50 0.82 O. 1 65 0. 193 0. 84- 0. 855 0. 37
2^ 0.0 15" 250 0.8-4 0. 167 0. 193 0.85 0. ©65 O. 34-
25 0.06 £50 1. 70 0.343 0.383 1.77 0. 90 0.24-

17
1 2 3 4- 5 t> w 1 1
1
ze m3° 0° o.oeo £4-0 1.59 0.344 0.383 1.77 0.90 0.24
27 0.210 goo 2-62 0, 660 0.722 3.37 0.9)5 0. 1 95
28 o.224 2.68 0.6 78 O.T45 3.4-6 0.9I 0,21
29 O. 257 200 2.90 0,730 0.798 3. 73 0.915 O.I95
30 0.250 190 ^.71 0.728 0.737 3,71 0,925 0.17
3» o.sio 150 3,09 1.037 1,126 5.^9 0,92 O.ia
32 0.488 150 3. 05 1,026 1.102 5,24 0.93 0. 16
33 0.581 1.60 3,49 1.100 I.200 5,61 0,92 0. \Q
34- 0557 150 3.23 /.088 1,174 5,55 0.93 0. 16
35 C)° 10° 0.009 180 0.3© 0. 106 O. 14 8 0.54 0.715 0.95S
36 0,008 iso O. 38 0.106 O. J4I O.5-4- 0. 75" 0,78
37 0.038 150 0.81 0.272 O.307 1.39 O.S9 0.26
38 0. 155 100 1.18 0.59* 0.620 3.0 3 0.955 0, 1
39 0. »57 fcio 2.4-4- 0.584 0.624- 0.935 0. 145
40 0.35*3 100 1.77 0888 0.937 4-. 53 0. 95" O.M
41 0.358 140 0.S90 0.943 4-. 55 0.945 0. 12
42 0.4OO 1 OO 1.89 0.948 0.99 7 4-. 84 0,95 O. 11
43 C.4-24 1 OO 1,91 0.960 1.028 4-. 940 0.935 0. 145"
44 0.64© I OO 2.43 1.225 1,265 6, 2 5 0. 9 7 0.065
45 0.617 I OO 2.35 1. 180 1.2 35 6.02 0.955 O. 10
46 1 5° 0° O.O/I 2 10 0.55 0. 132 Q 165 0.67 0.8O 0,57
47 O.OJO 320 0.80 O. 12 6 0. 157 0. 64 0.805 0,v5s5
48 O.054 2 00 1.31 0.330 0.366 1.68 0.^0 0,24
49 0.060 200 l«36 0.342 0,382 1.75 0.89 5 0.25
50 0.06 3 zoo 1.37 0.344 0.394 1.76 Q.375 O. 3 1
51 0.316 270 0,76 2 O8&5 3. 88 O.86 Q 35
52 0.276 210 3.15 0.752 O.QZ7 3.83 0.9| 0,205
53 0.254 150 2.16 0. 722 0- 794- 3. 68 O, 91 0.205
54 0.740 150 3.73 1.248 1.355 6.39 O. 9 2 0. 18
55 0.767 \ 30 -3.35 1.295 1.380 6.62 0.94- O. 14.

1 2 3 4- 5^ 6 7 3 9 \ 1 11 1
36 0° o. oio 360 0.88 O. »23 0. 157 0.63 0. 785 0.62
57 O.oi 1 360 0.94 O. 13 \ 0. 165 0.67 0.795" o.3a
53 0.036 1 2 0.65 0.272 0.298 1.39 O. 9 1 o.2l
59 0.0Z9 0.67 0.282 0.3I4- 1.44 0. 90 0.24-
60 0.087 200 1.62 0.407 0.4-66 2.07 0.373 0.31
6 1 O.OS9 200 1.69 0.4 24 0.470 2. »6 O. 90 0.24-
62 0.254 i 5"0 2. 17 0.72 7 0.794 3.7 1 0.9IS O. 195
63 0.254 150 2J7 0.72 7 0. 794 3.71 0.915 0. 195
6*t 0.4 45 120 2.3 1 Q 968 1.050 4\9 5 0.92 0. 18
63 0.4-02 IOO 1.85 O.930 0.998 4. 75> O. 93 0.16
66 0.765 100 £.51 1.260 1.375 6.43 0.92 O.I 8
67 O. 765 1 OO 2.48 1.250 1.375 6. 38 O. 91 0.21
63 )5° 15° O.OI 1 1 80 0.53 0. 149 0, 165 O. 7 6 0. 905 0. 2 2
69 O.OH ISO 0.53 0. 14^ 0. 165 0. 76 0. 905 0,2? £
70 0.054 120 0. 70 0.293 0. 293 1.4-3 1.0 O.OO
71 0.033 1 20 0. 69 0.269 0.288 /.47 1.005 0.00
72 0.043 20O 1.36 0.343 0.ZZ6 1.75 1.05 -0.09
73 0. 069 £00 1.79 0,450 0.415 2.3 1.085 - O.I5
74 0. 069 2^0 I. 98 0.4-52 0.4-15 2.31 1. 085 -0. 15
75 0.299 150 2.8 I 0.940 0. 862 4.80 1.09 -0. 16
76 0.3 \ 7 70 1,39 I.OOO 0.387 5". 1 1,1 3 "0,215
77 0.346 150 3.00 1.002 0.936 5M0 1. 075 -0.13
78 0,311 1 50 2.84 O. 952 0-8 78 4.86 1,08 -0. 145
79 0.59 5 120 3.26 1.365 1.215 6.20 1.125 -0.2 1
80 0.495 1 00 2.53 1.273 1,110 5". 67 1
.
1 SO -0.235
8 1 0° 0.008 300 O. 70 O. 117 0. 141 O, 60 O. 8 3 0.45"
82 0,008 300 0. 7 1 O. II 9 0. 141 0. 60 O. 845 0.40
83 aoso 24-0 0. 98 0.2 05 0.22 3 I.05 O. 92 O. 18
84- O.O 60 24 O 1. 68 0.352 0.3&5 1. 79 O, 915 O. 195








7 o 9 1 o 1 1
86 Z0° 0° O.Z3 ISO 1 . 68 0. 704 O. 755 3.60 O. 935 O, 14-5
87 1.20 1.68 0. 705 0. 764 3,60 0. 92 O. 18
88 0.4-3£ 12 0, 960 1,035 4, 90 0.9S5 C 17
89 0.4S0 1 00 1. 92 0.965 1. 0£0 4-.9S O. 93 0. 1 6
90 0° £0° O. O II 3O0 0.84 O. 14-1 O, 165 O. 7£ 0.&55 O. 37
91 o.oii 300 0.85 O. 14-1 0. 165 O, 7S 0. 855 0.37
92 0.029 305 1.44 0.S3 7 0.£68 l.£l a 88 0.S95
93 o.oze 1 £0 0.56 0.2 35 0.268 l,£0 O. 875 O.305
94 o.oeo 18 1.25 0. 349 0.385 1.78 0.905 0. ss
95 0.060 1 2 O a 84 0.352 0. 385 1 . 79 0.9 1 O.SO
96 o. us 1 50 1,40 0.4-70 0.5S7 £.40 0. 895 0. £5
97 0. US 1 50 1.41 0,4-73 0.5S7 £.42 0. 90 0.S4
98 0.185" 1 £ O 1,44 0,6 04 0,677 3.08 a 895 O. 25
99 0. 186 /SO 1,4-3 0.600 0. 680 3.06 0,88 0.2 95
1 00 0.495 90 1.84 1.030 1. 108 5. £6 0. 93 0. 1 6
IOf 0.50-5 1 SO -S.38 0. 993 1. ISO 5, 09 O. 885 O, £75
i on 30° o° O.OI4- 1 SO 0.55 0. 154- 0. 186 O. 78 0. 8 3 0.46
1 03 O.0 14 180 0.56 O, 157 0. 186 0,80 0. 84-5 0.40
1 04 0.040 1 SO 0. 67 0.S8S 0.314 1.44 0,90 CS4
105 0.042 ISO O. 08 0.285 0.32S 1.45 0. 89 0.265
106 0.08S soo 1.60 0.405 0.460 S.07 O. 88 0.£9
I 07 0-08S £O0 1.60 O.4-05 0,460 2.07 O, 8 8 0. £9
108 O.390 ISO S. 17 0.906 0.985 4. 6£ 0. 9£ O. 1 8
109 0.390 ISO £.17 O. 906 0. 985 4. 6£ O. 92 0. 18
1 1 0.390 1 00 i.es 0. 914 0. 985 4, 6 7 O. 93 0. 16
1 1 1 0, 385 1 5"0 £.65 0.89O O. 91 7 4. 55 O. 915 a 195
\ »£ 0.613 1 O £. 32 1.163 I.S33 5. 93 O. 945 0. IS
V 13 0.63 1 oo £.36 I, 185 l,£53 6. 05 0, 945 0. IS
1 14 30° 0.009 180 0.40 O. IIS 0. 14-8 0.57 O. 7 6 0.73




1 2 3 4 5" 6 7 8 9 1 1 1
1 16 30° 30° 0.036 120 0.64 0,268 0,300 r. 37 0.895 0.2 5"
1/7 0.03 6 1 20 0. 65 0.2 72 O.300 1.39 O.90S 0.22
118 0. 097 200 1.74 0.43 7 0.^90 2,23 0, 89 0.26
M9 0.O96 1 70 1.4-7 0434 0.*-&7 2.22 O. 89 0.26
120 0.373 / OO 1.77 O.888 O. 963 4. 5"8 0. 925 0. 17
121 0.373 1 vSTO £.7 1 O. 90 6 O. 963 4. 62 0. 94 0. 1 3
122 0.452 1 00 1.98 0.395 1. 060 5.41 0.935 0. 15"
12 3 0.478 I 20 £.43 I.OIO I. 090 3-. 57 O. 935 0. 15
1 24- O. 7^-8 90 2. 3 1.280 1. 360 6.53 O. 94 0.13
125 0.736 100 2.51 I. £53 1.350 6. 42 0.33 0. »6
126 o° 0.009 1 80 0.40 0. 112 0. 148 0. 57 0. 76 0,73
127 0.0O9 ISO 0.39 0. 109 0. 148 0. 56 0.74 0.8 3
128 0.03"0 120 0.70 0.29 3 0.350 1.49 0.84 0.42
129 O. 106 zoo 1.7.9 0.450 0.512 2.30 0. 88 0.2 9
1 30 0. 102 200 1. 72 0.442 0.30 3 2.25 0.875 0. 3 1
131 0.326 I5"0 £.42 0.810 0.898 4.14 O. 90 0.24
1 32 O. 323 1 30 2. 05 0.792 O. 8 95 4.04 0.885 0.275
133 0.558 120 2.60 1.086 1.176 5". 54 0.92 0. 18
134 0.563 90 1.9 3 /.0 75 1.182 5.50 0.9 1 0. 2:
1
135 0. 855 1 OO £.65 1. 330 1.450 6. 79 O. 92 0. 1 8
136 0.8^5 80 2. 1 1 1.323 1.44S 6.75 0.92. 0. 18
)37 0° O.OH 300 O. 70 ' 0.H7 0, 165 0. 60 0.7 1 0.99
1 38 0.010 300 O.66 o.wo O. »57 0. 56 0.705 1.02
• 39 0.058 1 20 O. 70 0.293 0.378 1 .49 0.175 0. 6 7
14-0 0,115 2O0 1.68 0.4-Z2 0.3"34 2. 1 5 0.7 9 0. 605
»4| O.II5 •200 1.65' 0.413 0.534 2.11 0.775 O. 67
»^2 0.52 7 1 OO 1.81 0.908 1. 140 4.63 O. 80 0.57
143 Q524 1 00 1.80 Q905 1. <40 4,62 0. 795 0.5"9
14^ 0.922 1 OO 2.41 1-210 1. 510 6. 18 0.80 0. ^7
145 0. 887 I 00 2.35 1. ieo /.485 6.02 0.795 0.59

11 3 3 D ~7I aO o> 1 u 1
146 45° 45° O.0H 380 0. 9 6 0. 12 7 0. 165 O, 64 0.77 O. 69
147 COM ^80 O. 7 O. 126 0. 165 O. 64 O. 765" C. 72
148 0. 044 / SO 0.66 0.276 0. 332 1,41 0, 8 3 0.43
149 0.107 200 1,76 0.44 7 0.515 2.28 O. 865 0,34
150 0. 109 2 00 1.79 OA50 0. 520 2.30 0,865 O. 34
15-/ 0.33 120 1. 94 0.8 1
1
0. 905 4. 14- 0. 895 0. zs
152 0. 343 1 20 1.97 0.824 O, 9 23 4,2 1 0.8 9 0.Z6
153 0.442 1 OO 1. 94- 0.973 1. 045 4.96 0.93 O. 16
154 0. 49 I 00 1-99 o,595 1.113 0,895 0.25"
155 0.62© 60 2.12 1.330 1,435 6,79 0.9Z5 0, 17
156 0.828 1 00 2.5-9 1.300 1.435 6,64 0. 9 0S O. 22
157 0° 60° 0.010 300 0, 62 0. 104 0.157 0.53 0.665
)56 O.OK 300 0. 68 0. 1 14 0.165 0. 56 0. 68 I.I 6
)59 0. 06 l£0 0. 67 0.262 0.^83 1.44 0. 74 0. 83
1 60 0.052 1£0 0.63 0,2 64 0.360 1.34 0. 73 0.86
161 0.14-5 180 1.68 0.468 0.593 2.36 0. 78 0.64
162 0.148 180 1.68 0.468 O. 605 2-38 0.7 75 0. 67
1 63 O.502 1 20 2. 09 O. 875 1,117 4,46 O. 77 O. 6,9
1 6^ 0.498 1 20 £.09 O. 8 75 1.113 4,46 O. 785 0. 63
1 65 0.8 75 1 1 O 2.57 |. I70 1.452 5.98 0.805
166 0.875 IOO 2.33 1 . 170 1.452 5,98 O. 805 0.5-5
1 67 60° 60° 0.0 10 300 0. 66 O.HI 0. 157 0,5 7 0.705 1,02
1 68 o.oi 1 300 0. 70 0.117 0. 165 0.60 0. 71 a 99
1 69 0.017 1 5"0 0.4I 0.151 0,203 0, 77 0. 74 0. 82,
170 0. 112 l/?0 1.09 0.455 £.527 0, 86 0. 3 6
I7| 0. 109 I OO 0. 90 OA5\ 0.5-I7 Z.30 0.875 0. 3 1
172 a H2 60 0,54 0,451 0. 527 Z.30 0.8 65" 0.34
173 0.436 l£0 2.19 0.918 1.040 4.68 0. 883" 0.2 8
1 74 0,428 90 1.64- 0.915 1.030 4-. 66 0,8 9 0. 265
• 75 0887 1 OO 2.65 1. 330 1.482 6\ 78 O- 895 0.-23

1 3 4 5 6 7 8 9 1 1 1
176 6 0° 60° 0.840 90 2.29 1,285 f.440 6.56 0.895 O.ZS
177 20° 10° 0.008 £40 0.65 0.136 0. 141 O. 69 0.97 0.07
178 aooa 180 0.47 O.I 3S 0.14-1 0.67 0. 34 0.13
179 0. 030 ZOO 1. 22 0.306 0,273 1.56 US -0,20
180
J
O. 0S3 1 50 0.7! 0,238 0.239 I.SS 1. 00 O.OO
181 o.ozg 1 50 0.72 O.S42 O.S33 1.23 1 .04 - 0.075
182 aoiR 1 £0 IJ5 a482 042*2 S>,46 1.145 -0.ZZ5
183 O. 069 1 £0 1.15 0.482 0.414 :2.46 1.165 -0.26
/84 0.\9Z 100 1.61 0.810 0,6,90 4.»4 1,17 -0,27
185 0.\<o4 1X0 I.70 0.715 0.63 7 3,65 1.12? -O.S05
186 0.496 l£0 3,14 1.310 /.no 6.80 1.18 -0.28
187 0.32S 160 3. S4 1. 010 0.883 5". 16 1. 15 -O.S45
1 88 3 0° 10° O.OII £4-0 O.88 0. 184 O.I65 0, 94 US
<89 0,0 1 | 1 80 0.64 0.173 O.I 65 0. 2>« 1.08 -O. 14
1 90 a 034 1 8s5 1.2?^ 0,3 3 7 O.S90 1.72 1.16 -0.26
191 0. 035 ISO o.&o 0.336 0,2 94 1.72 1.14 - 0.23
192 0, 033 I5-0 0,95~ 0.318 0.S86 1.63 Ml -O.I9
193 0. 066 180 1.65 0.46£ 0.404 2.3 6 1.145 -0,235
1 94 0.063 ZOO 1.83 0.46 0. 395 2.35 1.165 -O. 26
195" 0.30 3 9 1.84 I.03O 0.8 68 5,27 1. 19 - 0.S9
196 0.30S ISO £.50 1.046 0.8 65 5,33 LSI -0,315
197 0.18 6 ISO 1.94 0.513 0.67© 4.15 I.SO -a 305
1 98 O.I85 ISO 1,95 0.817 0,677 4.16 I.S 1 - 0. 3 1 5
1 99 0.5"Ol 80 S.l 7 1.360 1 . ue 6. 95 I.SS -O.Z3
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MEAN VALUES OF (mn) .
Mouth piece Coefficient of Loss (m-n)
Inlet End Discharge End v U. '
O U i.oe 0.6£
\ O O.I8
O 1 o 0.68 O. IS
1 3 0,54 0.17
^ oo 1 c
° 0.56 O.£0
1 O 1 *c° 0,2£ - o. 16
C> 0.40 o.so
U 0.46
o O 0,50 0. 1 8
3 3 0.^6 0.1 6
4 5° 0° 0.66 0,24
o° *t5° 0.9Z 0.58
45° 0. 66 0,£6
6 0° 0° O.S8
0° 6 0° 1,06 0. 60
60° <b 0° 0. a 28
£ 0° I o° o. 12. - 0,£4
30° 10° O.O© - O. 3

TABLE. 4--
REDUGTION IN \rn BY USIN6 MOUTHPIECES-
Compared with a PlainCy iindrical Pipe.
Mouth D I CC C Red u c
1
\ o n ro 1i *
I n let
End. End. V=0.7
vr= i.O V= I.5 V- 2.0 \r-3.o V- 40 V-6
IO° 0° 0,50 Ofrh 046 0.44 0.45 0.44 0.44 0.44





\5° o° 0.46 Ah 0.45 0.45 0.*5 0.45 0.45
0° 0.50 .44 0.44 a44 0.43 0.4Z 0AZ 0,42
15° 15° 0.64 O./ o .76 0,73 OJ9 O.IQ 0.76 0.76
20° 0° 0,66 0.v56 0.46 0.44 O.A3 0.4Z 0.42 0.42
0° ZO° 0,50 O.50 0.44 0.4£ OA I 0.40 0.40 O.40
30° 0° 0,56 o.4a 044 0.44 OA5 0.44 044 0.44
0° 30°
-O.OA -o.oi o.os 0.0 3 O.OA 0.04 O.D4- 0.04
o° 0.4 0.3£ 0.34 0.36 0.39 O. 38 C38 0.3 8
o° 4-5° 0. 14 o.os 0. 04 0.03 0. 04 0.04 0.04 a 04
4-5° 45° 0.33 0.3£ 0.34 0.34 0. 35 0.36 0.3 6 0. 3 6
0° 6 0° -o.oo -0.06 -0.04 -0.03 0.0
1
O.Og 0.02 O.OS
66° 60° 0.£4 0.£0 0.24 0.S6 0.33 0.34 0.34 0.34
£0° 10° 0.94 0.6<5 0.S6 o.se 0.8 7 Q67 e.8 7 0.6 7
3 0° 10° 0.38 0.94 0.9£ 0.90 0.93 0.92 0.95 0.92
3 0° 3 0° O.50 0.46 0.46 0.46 047 C46 0,46 0.46

TABLE 5.
VALUES OF m FOR INLET MOUTHPIECES
Mouth- Coef f icient of Entrance Head, m
.
v = o. 7 \T- 1.0 V = 15 \T- £.0 V - 3.0 VT- 6.0
CyUnclrical 1.0 6 0.82 0.68 0.64 0,63
10° 0.56 0,36 o,?£ 0.£0 O.I6 0. IS
15° 0.3 6 O.J 3 0, 18 O. 17
£0° 0,4-0 C.£6 O.S O.2 0.^0 O,£0
30° O.JTO 0,34 0.24 O.£0 0. 18 O. 18




VALUES OF r> FOR DISCHARGE MOUTHPIECES.
Mouth-
piece
G oeff icicnt of Discharge H ead n.
V = C7 \T- I.O V- 1.5 V- ^.0 V"-- 3.0 V -- 6.0
Cylindrical 0. CO O.O O.O 0. 0.
10° 0.38 0,46 O,50 0.5"! 0.51 o.^-o
\5° 0.^0 0.^4 0.44 0.44 0.43 0,4£
£0° O.60 0.5"0 0.44 0,42 0,4- i O.40
* 30°
-O.04 - O.Ol O.OS 0. 03 O.04 O. 04
45° O. 14 0.O8 0. 04 O. 03 O. 04-





G0MPAFU50N OF VALUE 5 OF (m-n) FOR COMBINATIONS.
Gombi - — )) e: > r-
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